Winged bean accessions were screened to evaluate biomass yield potential. The experiments, carried out during 2015 and 2016 to test nineteen accessions were laid out in Randomized Complete Block Design and replicated three times. Data collected on number of days to 50% flowering (DTF), number of days to 50% pod (DTP), total number of pods (TNP) per plant fresh (FSW) and dry shoot weight (DSW), dry pod weight (DPW), total fresh (TFW) and dry (TDW) weight and seed weight per plot (SWP) were analysed for analysis of variance. Results showed that year of planting significantly (P≤0.01) influenced DTF, DTP and SWP. Accessions exhibited significant variations (P≤0.05) for DFF, DTF, DTP and CP, while no significant interaction was observed between the year and accessions (P˃0.05) for all studied traits. FSW had a positive and significant correlation (P≤0.01) with TFW (r= 0.97), DPW (r= 0.87) and TDW (r= 0.78). TFW also had positive and significant correlation (P≤0.01) with DPW (r= 0.68), DSW (r= 0.83) and TDW (r= 0.89). The study revealed that accessions with high biomass accumulation (TPT 12, 11, 53, 5 and 21) are better fit to channel assimilates for yield production through early flowering and pod formation.
INTRODUCTION
Winged bean is a tropical crop that is enriched in protein and is listed as one of the under exploited legumes in the tropics (Amoo et al., 2006) with huge potential as a food source (Mahto and Dua, 2009; Amoo, 1998) . The uniqueness of this crop among other leguminous crops is the edibility of all parts of the plant. The protein contained by seeds (30-40%) is comparable to soybean in composition and nutritional value with similar proportions of carbohydrates, oil (15-20%), minerals, vitamins, essential amino acids and other constituents (NAS, 2011; Venketeswaran et al., 1990) . Winged bean plant grows primarily as climbing vine with stem and leaves reaching to 3-4 m in height. It is an herbaceous perennial plant but can be grown as an annual crop (Anamika et al., 2011) . It has few sustaining tissues in its main stem that limits to a straight growth. In the natural environment, winged bean *Corresponding author: godfreyreal001@gmail.com.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution License 4.0 International License needs a support to display the leaves under sunlight for efficient photosynthesis. Besides, hormonal effects seem to be related to the position of the stem and further development (Mahto and Dua, 2009 ). Winged bean is capable of producing exceptional amounts of seed. Despite the benefits derivable from winged bean as an underutilized legume crop, limited study has been carried out on the crop in the areas of the study on its agronomy. The biomass potential of a new planting material may give information about the material during screening prior to recommendation for different production zones. This approach can be utilized to ensure efficient resource use during screening of materials especially for marginal regions where water and environmental factors may be limiting. This will further help to identify efficient accessions that can channelize the available resources for efficient vegetative growth, flowering and eventual yield. Winged bean production is being advocated in Nigeria because of its nutritional potentials and the prevalence of hidden hunger. However, there is a need to ascertain the suitability of available accessions of winged bean to the production environment of the country. Hence, the objective of this study was to assess 19 winged bean accessions for biomass accumulation and their relation to final yield in the derived savannah agro-ecology of Nigeria.
MATERIALS AND METHODS
The experiment was carried out at the Teaching and Research Farm, Ladoke Akintola University of Technology, Ogbomoso, Oyo State, Nigeria. Ogbomoso is characterized by two seasons which include the raining season spanning March to October and the dry season which starts in November and ends in February. Temperature ranges from 28 to 33°C and humidity is as high as 74% all year round except for January when the dry wind blows from the North and with a mean annual rainfall of 1,286 mm (Oni et al., 2015; Okotete, 2008) . The experimental plot was ploughed twice at two weeks interval to loosen the soil particles to enhance germination. It was subsequently sprayed with a mixture of pre-and post-emergence herbicide to control weed emergence a week before planting. Seeds of nineteen accessions of winged bean (Table 1) were obtained from the Genetic Resources Centre of the International Institute of Tropical Agriculture (IITA), Ibadan. The seeds were scarified mechanically with a scalpel blade to break internal dormancy and hasten germination. The first planting was done between June and December 2015 and the second year planting was done in the same months in 2016. Each accession was sown in three row plots of 4 m each at two seeds per hole. The experiment was laid out in a Randomized Complete Block Design (RCBD) and replicated three times. Thinning was later done to one plant per stand at 4 weeks after planting (WAP). Staking was done when the plants reached the twining stage by supporting with 3m long dried bamboo poles and the plants were trained to twine around the bamboo stake for access to adequate sunlight.
Agro-morphological data collected included number of germinated seeds (NGS) per plot at 2, 3 and 4 WAP (NGS2WAP, NGS3WAP and NGS4WAP respectively), number of days to first pod and days to 50% flowering (DFF and DTF), number of days to first and days to 50% pod formation (DFP and DTP),total number of pods (TNP) per plant, fresh and dry shoot weight (FSW and DSW) per plant, dry pod weight (DPW) per plant, total fresh and dry weight (TFW and TDW) per plant and seed weight per plot (SWP). A representative plant was chosen on each plot for destructive sampling to enable biomass yield determination. Fresh shoot weight was obtained by cutting the stem at soil level and weighed using a sensitive scale while the dried shoot weight was obtained by drying the enveloped shoot in the oven at 50°C in the laboratory for 48 h and weighed. The same procedure was employed to obtain the fresh and dried pod weight. The collected data were subjected to one way Analysis of Variance (ANOVA) and significant means were compared using the Least Significant Difference (LSD) at 5% probability level.
Correlations between pairs of measured variables were computed using PROC CORR in SAS (SAS institute, 2011).
RESULTS
Combined ANOVA results for vegetative and reproductive variables evaluated in 2015 and 2016 are presented in Table 2 . The result revealed that accessions had significant variation (P≤0.01) for DFF, DTF and DTP.
Year effect also significantly (P≤0.001) influenced all vegetative and yield traits. The combined ANOVA results for partitioned biomass traits evaluated in 2015 and 2016 are presented in Table 3 . The results showed that accession had no significant variation for all partitioned biomass traits and yield (P≤ 0.05) while year had significant effect (P< 0.01) for only SWP. The mean values of the vegetative and reproductive parameters are presented in Table 4 while that of the partitioned biomass and seed yield are presented in The result of fresh shoot weight showed that TPT 5 had the highest values (844.7 g) but not significantly different from the fresh shoot weight of TPT 12 and other accession except those values recorded for TPT 2 (538.3 g), TPT 19 (520.2 g), TPT 10 (450.0 g) TPT 14 (447.7 g), TPT 16 (409.8 g) and TPT 15 (382.2 g). Therefore, TPT 12 had the highest mean total fresh weight (1,694.3 g) which was significantly higher than mean values of most of the accessions except for TPT 19 (1,074.7 g), TPT 10 (982.2 g), TPT 2 (946.5 g), TPT 14 (838.7 g), TPT 16 (797.7 g), and TPT 15 (780.8 g).TPT 12 had the highest mean dried shoot weight (220.7 g) which was significantly higher than mean weight of most of the accessions studied. TPT 12 still had the highest mean total dry biomass weight (438.5 g) which only significantly differed from the mean weight of TPT 2, 14, 15, 16 and TPT 26 (262.5 g, 267.5 g, 260.5 g, 255 .8 g and 241.8 g respectively). Furthermore, TPT 12 produced the highest number of pods (41.5) which was not significantly higher than the mean pod number produced by most of the other accessions though TPT 5 had the least number of pods (21.2). Moreover, TPT 12 had the highest fresh pod weight (874.5 g) which was not significantly different from most of the evaluated accessions except for TPT 10, 5, 26, 2, 15, 14 and TPT 16 that had the least fresh pod weight (387.8 g). In addition, TPT 21 recorded the highest mean dried pod weight (251.2 g) that was only significantly different from the mean values of TPT 2, TPT 3, TPT 5 and TPT 26.TPT 12 had the highest mean seed yield per plot (598.8 g) while TPT 21had the least (339.5 g) ( Table 5 ).
The result of Pearson Correlation between every pair of measured variables is presented in Table 6 . Number of days to first flowering had strong correlation with number of days to first pod formation (r =0.76; P≤0.01). Also, days to 50% flowering was strongly correlated with days to 50% pod formation (r =0.79; P≤0.01). Fresh shoot weight had a positive and significant correlation with total fresh weight (r = 0.97; P≤0.01), dry pod weight (r = 0.87; P≤0.01) and total dry weight (r =0.78; P≤0.01). Total fresh weight also had positive and significant correlation with dry pod weight (r = 0.68; P≤0.01), dry shoot weight (r= 0.83; P≤0.01) and total dried weight (r = 0.89; P≤0.01). However, number of days to 50% flowering was negatively correlated with all the biomass traits but was significantly correlated with the pod formation traits.
Source of variation

Degree of freedom
DISCUSSION
The significant influence of accession on floral traits (flower and pod production) and that of year on all the traits except biomass suggested that growth and yield were greatly influenced by difference in rainfall pattern at the experimental location. In 2015, while the rain started early around April and ended early and fell intermittently, thereby leading to a type of drought termed as random drought (Adebayo et al., 2012) . The drought period occurred at 5 WAP, resulting in delayed flowering and pods production in 2015 experimental year. On the other hand, most of the rains in 2016 in the experimental site fell towards the end of the cropping season. This therefore, resulted in the inconsistent performance of the evaluated accessions over the years of the experiment. The observed significant variation in the flowering and yield parameters among the accessions signifies that the accessions performed differently compared with one another and this can be attributed to the occurrence of genetic variation among the evaluated accessions. However, there were rank changes among the accessions between the biomass traits and the yield traits denoting that most of the accessions that performed well for the biomass traits did not perform well for the studied yield traits. The results agreed with the findings of Morakinyo and Ajibade (1998) and Okii et al. (2014) that there is identified variation in performance of a set of genetic materials for different traits. Although, they worked with common bean, they stated that inherent genetic diversity influences morphologically diversity. The non-significant effect observed in biomass traits of all factors (year, accessions, and their interaction) implies that the values obtained from the destructive sampling technique was consistent across the two years of the experiment depicting that despite the occurrence of the drought, the accessions were still able to effectively utilize available resources. Moreover, it revealed that winged bean cultivation can be successfully conducted in the derived savannah agro-ecology without being affected by the random drought. Evaluated accessions expressed rank changes across the studied traits probably suggesting differential responses of the accessions to the environment. In addition, the observed rank changes among accessions from one trait to the other would make selection for high-yielding and stable accessions challenging. This may be attributed to the likelihood of occurrence of genotype by environment interaction (G × E). The confounding effects of G × E in crop evaluation has been reported by several previous workers (Adebayo et al., 2012; Derera et al., 2008 and Sawkins et al., 2006) . The number of germinated seeds was above 90% which suggest that presowing seed scarification is important to achieve improved germination that may have eventually influenced yield, especially due to earlier reports of challenges of germination in winged bean production Aghilian et al., 2014) . Thus, superior accessions can be identified and further tried for early germination can be exploited for early maturity.
Early flowering accessions also have higher fresh shoot weight, an indication that accessions with more seed production potentials have strategies to limit vegetative growth and compensate for it by allocating energy to seed production. Also the accessions could have taken advantages of their vegetative ability to accomplish better photosynthesis in favour of pod and seed development resulting from more assimilates reserve generated during physiological activities in the plants. Tourél et al. (2012) mentioned that the timing for flowering period is a determinant factor for the final yield in Bambara groundnut. Hence early flowering may have positively favoured seed production of these accessions.
However, early flowering has been noted as a worthy agronomic feature of crops for early maturity, uniformity of yield and crop production in general (Kumaga et al., 2003) . Thus accessions that flower early can be considered in the selection of winged bean accessions as it is the practice in other leguminous crops including Bambara groundnut (Onwubiko et al., 2011) . The late flowering accessions are characterized by smaller pod and seed yield. It was equally observed that their pods took longer to emerge compared to the rest of the accessions.
The strong correlation coefficients between some traits may allow for simultaneous selections for the traits as well as the use of the related traits interchangeably in selection. The strongly correlated traits are possibly under the influence of the same genes as reported by Miko (2008) and Okii et al. (2014) . During germplasm improvement, if two strongly correlated traits are desired, both can be selected simultaneously based on one of the traits. For instance, significant correlation observed between number of days to 50% flowering and number of days to first pod formation suggests that increase in the number of days to 50% flowering could lead to increase in number of days to first pod formation hence selection of accessions with earlier flowering dates for further screenings will enhance reduction in the number of days to maturity of winged bean. In the same vein, number of seeds per pod has negative correlation with flowering dates indicating that late flowering accessions are likely to have lower number of seeds per pod.
Conclusion
Accessions expressed variations for the biomass traits indicates the existence of potentially suitable accessions among the evaluated winged bean accessions for the studied environment. The pre-sowing seed scarifications also resulted in early germinations and some of the accessions had early flowering potentials that could be exploited for early maturity and some of the assessed traits were highly correlated to seed yield. Hence, winged bean production can be favourably conducted within the derived savannah agro-ecological zone for seed production. Accessions TPT 12, TPT 11, TPT 53, TPT 21, TPT 51 and TPT 22 can be subjected to further trials to ascertain stability of yield and performance in the study area.
